Introduction
============

Spaceflight, and ground based models such as immobilization and bed rest (BR), have direct and profoundly debilitating effects on skeletal muscle mass, strength, and endurance resulting in muscle weakness and fatigue [@B1]-[@B7]. Bed rest, as a model of spaceflight, does provide features of disuse such as alterations in posture [@B8] however during spaceflight there appears to be neuromuscular activation which is not reported in bed rest situations [@B9]. During extreme reduced activity, such as that noted with bed rest, there is evidence of a shift towards a less healthy whole body metabolic profile [@B10]. Moreover, the muscle loss and metabolic changes associated with disuse may be further aggravated when combined with inadequate energy intake or anorexia [@B11],[@B12].

Insulin sensitivity is reduced with BR [@B10],[@B13] and may play a role in modulating changes which occur in skeletal muscle, although the mechanism by which this occurs remains to be elucidated [@B14]. Physical inactivity leads to insulin resistance [@B15] and even short durations (24h) of hypocaloric nutrition and BR have been reported to decrease peripheral insulin sensitivity by 20-30% [@B16]. Longer durations of BR have also been reported to increase insulin levels [@B17],[@B18] and this is thought to occur primarily through greater insensitivity in skeletal muscle [@B19].

There are a plethora of factors that may influence skeletal muscle during disuse and BR leading to increased insulin levels and other metabolic changes. A number of key factors play a role in determining metabolic health including physical activity, nutrient intake [@B20] and metabolic derangements such as hyperinsulinemia, type 2 diabetes, dyslipidemia, and hypertension [@B21]. A combination of environmental, genetic, and behavioural factors play a role in determining the metabolic profile of an individual. Exercise and dietary interventions, particularly essential amino acids, have been shown to attenuate the loss of muscle mass and strength seen with BR [@B22]-[@B27] but further investigation into the effect of disuse on metabolic profile is warranted. To investigate the influence of inactivity (eg BR) on metabolic profile, we hypothesize that a metabolically favourable profile will include decreased cortisol and inflammatory cytokines and increased IGF-1, HDL-cholesterol, and adiponectin levels, accompanied by increased normal density muscle and decreased low density muscle.

We have previously shown that resistance training has a protective effect against muscle atrophy with disuse (bed rest model) [@B13]. Concomitant to these benefits, we found that exercise combined with an essential amino acid supplementation decreased insulin levels, fat mass, and intramuscular and subcutaneous fat measured at mid-thigh [@B13]. The aim of this secondary analysis study was to examine the metabolic profile of normal weight/BMI individuals 30-55 years of age undergoing 28 days of strict BR while receiving essential amino acid (EAA) supplementation and an energy deficit of \~8% -to mimic the anorexia of spaceflight [@B12]. Individuals were randomized to resistance exercise combined with EAA supplementation 5 min before or 3h after exercise or a control group (EAA supplementation with no exercise). We hypothesized that BR in the setting of energy deficit and EAA supplementation would lead to a metabolically unfavourable profile. In contrast, participants on BR assigned to resistance exercise in addition to an EAA supplement would maintain a more metabolically favourable profile.

Materials and Methods
=====================

Study Design
------------

The details of the study design have been previously described [@B13]. Participants were healthy males with no contraindications to exercise and no dietary restrictions that prevented full participation (aged 30-55 years; body mass index 23-31 kg/m^2^; n=31). The study took place at the Jean Mayer USDA Human Nutrition Research Center for Aging (HNRCA) and participants resided in the Metabolic Research Unit for the duration of the study (49 days). The study design was as follows: *Baseline;* Day 0-7; acclimatization and baseline measurements, *Bed rest*; Day 8-36; strict bed rest in the supine position for 28 days and *Active recovery*; Day 37-49; monitored re-ambulation and recovery. After initial testing and prior to BR, participants were randomized into 1 of 3 groups: essential amino acid supplementation alone (EAA, n=7), resistance training with EAA supplementation provided 3 hours after exercise (RT, n=12), and resistance training with EAA supplementation provided 5 minutes prior to exercise (AART, n=12). Preliminary analyses of all three groups showed no differences in any of the study outcomes between exercise groups (RT and AART), data not shown. Therefore, in the present secondary analysis study participants from both resistance training groups were combined and are referred to as "RT". The study was approved by the Institutional Review Board at Tufts Medical Center in Boston, MA.

Energy Intake
-------------

All participants were provided with a weight maintenance diet (15% protein, 54% carbohydrates, and 33% fat) during baseline based on a 3-day food record ascertained prior to randomization. Energy expenditure was estimated from resting metabolic rate. To mimic space flight anorexia [@B12], during BR and recovery, participants\' total energy intake was reduced by 8±6% while maintaining baseline macronutrient intake. All food and beverages were provided by the HNRCA metabolic research kitchen on a 3-day rotating cycle and supervised by a research dietician. Participant\'s food intake and body weight were monitored daily during the study, and weekly dietary adjustments were made as needed if changes in body weight persisted from more than 3 consecutive days. Dietary analysis was performed using the Minnesota Nutrient Data System (NDS) (Minneapolis, MN).

Essential Amino Acid (EAA) Supplement
-------------------------------------

During BR and recovery, participants were given an amino acid supplement drink once per day, 6 days of the week, on the same days that the RT groups exercised. The drink was given at the following times: 5 minutes before exercise or 3 hours after exercise (RT group) and at the same time as when participants exercised in the non-exercising EAA group. The amino acid supplement provided 15 grams of essential amino acids in 35 g sucrose (to improve palatability) dissolved in 500 ml water. This supplement provided an additional 200 kcal/day for each participant. The essential amino acid supplement composition was as follows: 1.4 g L-isoleucine, 1.3 g L-histidine, 2.8 g L-leucine, 2.4 g L-lysine, 1.5 g L-methionine, 2.4 g L-phenylalanine, 2.0 g L-threonine, and 1.2 g L-valine. This amino acid composition was chosen to ensure an increase in intracellular concentrations of essential amino acids in proportion to their respective contributions to muscle protein synthesis [@B27].

Resistance Training (RT)
------------------------

Participants in the RT group exercised 6 days/week generating 24 exercise sessions performed during the 28-day BR phase. The RT protocol, previously described [@B13], was progressive and moderate-to-high intensity. Exercise sessions lasted about 1 hour and were carried out in the morning (starting at 9 am) and staggered by one hour to accommodate up to three exercise participants while having individualized exercise supervision. The target exercise intensity was 70-80% of one-repetition maximum (1RM) estimated by the OMNI rating of perceived exercise (RPE) 10-category scale [@B28]. Upper and lower body exercises were alternated on days 1-6. During each session, 7-8 exercises were performed and the order was specifically choreographed to minimize positional and postural changes during the exercise regimen. This also contributed to reducing the potential effects of gravity on exercise performance. Upper body exercises included pull-ups, pull-over, triceps press, chest fly, shoulder press, biceps curl, upright row, and lateral arm raise. Lower body exercises included squats, single leg squats, diagonal jump, calf raise, single leg hip extension, leg curl, and single leg hip abduction. All exercises were performed in the horizontal position using a Shuttle Accel resistance training equipment (Contemporary Design Company, Glacier, WA). Resistance was provided by elastic cords attached from the stationary frame to the sliding carriage of the Shuttle Accel. Resistance for each exercise was quantified as a function of the number of elastic cords and the distance moved by the sliding carriage. For example, an exercise using one elastic cord in which the Shuttle carriage travelled a distance of 20 in. generated a force of 24 lbs. If two elastic cords were used during the same movement, the force generated was equal to 48 lbs. The Shuttle Accel had 10 elastic cords, which provide a maximum resistance of 350 lbs when the sliding carriage moved 36 in. Most exercises in the protocol were performed in the 12- to 18-in. range and therefore had a maximum resistance of \~250 lbs. The Shuttle Accel was calibrated weekly using a strain gauge to ensure that each cord provided the specified resistance, and cords were replaced as needed to maintain an adequate training stimulus.

Active Recovery
---------------

During recovery all participants performed 15-30 minutes of treadmill exercise (60-85% of age predicted max heart rate), 3 days/week. The intensity and duration increased gradually during active recovery. The RT group also performed resistance training on alternating days during the 14 day active recovery (6 training sessions) using Cybex Selectorized Equipment (Fresno, CA). Three sets of 8 repetitions were performed for 5 exercises: leg press, chest press, knee extension and flexion, and lat pull-down, with increasing intensity during recovery.

Outcome Measures
----------------

All measures were performed at baseline (prior to randomization), after 28 days of BR, and after 14 days of active recovery.

### Blood Measures

Blood samples were taken in the morning after a 12 hour fast. Clinical lab specifications were followed to process the samples accordingly to biomarker being measured. Insulin-like growth factor-1 (IGF-1) was measured by a solid-phase, enzyme-labeled chemiluminescent immunometric assay (Immulite 1000, Diagnostic Products Corporation (DPC) Los Angeles, CA). Adiponectin was measured using a commercially available enzyme immunoassay kit (R&D Systems, Minneapolis, MN). Blood lipids were obtained from EDTA plasma used for the lipoprotein profile, with an enzymatic endpoint reaction on the Olympus AU400e with Olympus Cholesterol (OSR6116), High-Density Lipoprotein Cholesterol (HDL-C) (OSR6156), and Triglyceride (OSR6033) Reagents (Olympus America Inc., Melville, NY). Plasma tumor necrosis factor (TNFα), interleukin (IL)-1ß and IL-6 levels were measured by non-cross-reacting enzyme-linked immunoassays (ELISA) employing specific monoclonal and polyclonal antibodies for the analysis of specific cytokine antigens (Quantikine ELISA, R&D Systems, Minneapolis, MN). A high-sensitivity ELISA, employing an amplifier to increase sensitivity of the assay, was used for the plasma IL-6 determinations. Serum cortisol concentrations were measured immunometrically (Diagnostic Products Corporation, Los Angeles) with a detection limit of 0.1 µg/dL. Serum C-Reactive Protein (CRP) levels were measured by means of an immunoturbidimetric method in a Cobas Fara II automated centrifugal analyzer (Rankin Biomedical Corp, Clarkson, MI) using a commercially available kit (CRP SPQ Test System; DiaSorin Inc, Stillwater, MN). All laboratory measures had coefficients of variations between 0.5 and 8%.

### Muscle Density

Mid-thigh muscle and fat areas were determined by image analysis of computerized tomography (CT) scan of the nondominant leg using a third generation Siemens DR3 Scanner (Erlanger, Germany). For all scans a 10-mm CT slice was taken at the precise level of the midpoint of the femur using 100 kV, 110 mA, and 1-s exposure using a standard algorithm [@B24]. The same display field of view (DFOV) was used to take the CT images during consecutive visits, and it was also used for scaling the images during analysis. The images were analyzed by a single blinded observer according to optical densities for quantification of cross-sectional areas of fat and muscle compartments by selecting pixels within a given Hounsfield units (HU) range to the nearest 0.1 cm^2^ using the Slice-O-Matic Software (Tomovision, Montreal, Canada). Skeletal muscle attenuation (or muscle density) was determined by measuring the mean value of all pixels within the range of 0 to 100 HU, while adipose tissue areas were in the range of -150 to -50 HU [@B29]. Normal density muscle was differentiated from low density muscle by cell lipid content. Normal density muscle has a higher density with a HU range of 35-100 while low density muscle ranged between 0 and 34 HU. Subfacial Fat was traced to define the compartment of fat between muscle and the fascia. Intermuscular adipose tissue was defined as adipose tissue lying between and among muscle groups. These methods have been previously described [@B30].

### Leg Lean Mass

Regional leg lean mass was determined by Dual-X ray absorptiometry (DXA) using a Hologic QDR2000 (Waltham, MA) scanner operating in array mode with software 5.64A and coefficients of variation of 1.4% and 1.8% for total lean and fat mass, respectively [@B31].

Statistical Analysis
--------------------

Statistical analysis was performed for participants who completed the BR and recovery phases using SPSS 20.0 for Windows (SPSS, Inc., Evanston, IL). Differences in baseline characteristics among groups (EAA vs RT - as the combination of both exercise groups, given no statistical differences in the timing of the amino acid supplement with regards to resistance exercise training) were assessed by independent t-test analysis. Data are reported as mean and standard error (SE). The non-normally distributed variables were log-transformed, checked for normality after log transformation, and used as continuous log-transformed variables for analyses. Repeated measures analyses using General Linear Models (GLM) were carried out to assess the interaction between time \[baseline (or pre-bed rest), end of bed rest, and recovery\] and group \[amino acids vs amino acids plus exercise\] on each of the dependent variables studied. Post hoc analysis could not be calculated because there are fewer than three groups to compare. Statistically significant changes over time within group are also shown were appropriate. Pearson\'s coefficient of correlation was used to assess univariate associations between outcomes of interest. Results were considered statistically significant with a two-tailed p value ≤ 0.05.

Results
=======

Baseline Characteristics
------------------------

Subject characteristics are shown in Table [1](#T1){ref-type="table"}. There were no significant differences among groups at baseline in any of the study characteristics.

Blood Measures
--------------

There was a significant increase in plasma IGF-1 after 28 days of BR in both the EAA and RT groups (time effect, p \< 0.001). Values returned to baseline after 14 days of recovery (time effect, p \< 0.001), Figure [1](#F1){ref-type="fig"}a. Additionally, after BR, plasma IGF-1 levels were correlated with lean leg mass (r= 0.694, p\<0.001) and normal muscle density (r=0.604, p\<0.002) in the RT but not the EAA group. Total adiponectin decreased significantly after BR (time effect, p \< 0.001). There was a further significant change in adiponectin after recovery. However, surprisingly the RT group did not return to baseline values (time-by-group p = 0.014), Figure [1](#F1){ref-type="fig"}b. Similarly, there was a significant decrease in HDL-cholesterol levels after BR (time effect, p \< 0.001) with a concomitant increase after recovery (time effect, p \< 0.001) but did not return to baseline values (time effect, p \< 0.001), Figure [1](#F1){ref-type="fig"}c. Total cholesterol decreased after BR in both groups (time effect, p = 0.004) and remained below baseline values even after recovery (time effect, p = 0.009); corroborating the decline in HDL-cholesterol, Figure [1](#F1){ref-type="fig"}d. Triglyceride levels showed a trend towards an increase after recovery only in the EAA group which was also elevated above baseline values (time-by-group, p = 0.070), Figure [1](#F1){ref-type="fig"}e. There was an increase in HDL:total cholesterol ratio after bed rest in both groups, 0.8 in the EAA group and 0.4 in the RT group (p = 0.005) which decreased after recovery (p \< 0.001), Figure [1](#F1){ref-type="fig"}f. In contrast, there was no change in cytokine (TNFα, IL-1ß, IL-6) or cortisol concentrations after BR or recovery, Figures [2](#F2){ref-type="fig"}a-d. Interestingly, CRP decreased significantly after BR (time effect p = 0.021) and increased after recovery (time effect p = 0.003; Figure [2](#F2){ref-type="fig"}e).

Muscle Density
--------------

Low density muscle significantly decreased in both groups after BR (time effect, p \< 0.001) and returned to baseline values after recovery (time effect p \< 0.001), Figure [3](#F3){ref-type="fig"}a. Normal density muscle decreased significantly in the EAA group after BR (time-by-group effect, p \< 0.001) and it did not return to baseline values after recovery (time-by-group effect, p = 0.002), Figure [3](#F3){ref-type="fig"}b. Subfacial fat showed a trend towards time-by-group effect after BR (p = 0.076) with an increase in the EAA group compared to RT, Figure [3](#F3){ref-type="fig"}c. Lean leg mass decreased significantly in both groups after BR (time effect, p \< 0.001). After recovery the RT group increased to a greater extent than the EAA group (time-by-group effect, p = 0.033); Figure [3](#F3){ref-type="fig"}d. Values were previously reported in [@B13].

Discussion
==========

We have previously reported skeletal muscle atrophy, increased intramuscular fat and increased insulin levels [@B13] after 28 days of strict BR with energy deficit. In the present secondary analysis study we further investigated the metabolic profile resulting from 28 days of strict BR in the setting of energy deficit and EAA supplementation. We defined a dysfunctional metabolic profile by a decrease in IGF-1, adiponectin, HDL-cholesterol and normal density muscle and an increase in circulating cytokines (TNFα, IL-1ß, IL-6) cortisol and low density muscle. We hypothesized that resistance exercise during BR combined with EAA supplement would promote a metabolically favourable profile, compared to the EAA supplement alone. It is important to note that, even though the present study was not powered specifically for this secondary analysis, the findings corroborated our hypothesis of a shift toward a metabolically less favourable profile after BR in both groups but a more favourable response among exercising participants. However, RT did not completely alleviate the unfavourable metabolic changes seen with BR in otherwise healthy adult males. Interestingly neither group showed an increase in cytokine levels after BR, and both groups exhibited an increase in plasma IGF-1 levels. Moreover, changes in IGF-1 significantly correlated with normal density muscle after BR in the resistance training group, as did with lean leg mass as previously shown [@B13].

We found that IGF-1 increased in both groups (EAA and RT) after 28 days of BR and returned to baseline values after 14 days of active recovery. This finding failed to support our hypothesis of an increase in IGF-1 only with resistance training. Changes in insulin sensitivity may influence plasma IGF-1 levels, which are important for maintenance of muscle mass. In previous studies, decreased insulin sensitivity and IGF-1 levels were reported after 24h fasting but not after 24h BR [@B32], and no change in IGF-1 levels were found after 14 days of BR in the eucaloric state [@B3]. In ambulatory individuals an energy deficit of 25% did not change IGF-1 levels. However, caloric restriction combined with exercise (12.5% CR + 12.5% increase in energy expenditure with exercise) led to increased IGF-1 levels [@B33]. These data suggest that perturbations in physical activity, whether as an increase with exercise or decrease with disuse, combined with energy deficit may influence IGF-1 response. Local elevation of IGF-1 mRNA levels in skeletal muscle have been reported after post-operative chronic disuse [@B34] as well as BR [@B35]. It is thought that this may be a result of a counter-regulatory measure for protection against muscle loss. Alternatively, the increase in IGF-1 could be a counter-regulatory response to increased insulin resistance, previously demonstrated in this study [@B13]. At the systemic level, low circulating IGF-1 has been associated with increased cardiovascular risk, and recent reports suggest IGF-1 levels are positively correlated with HDL-cholesterol, triglycerides and BMI [@B36]. However, we suspect mechanisms may be at work to increase circulating IGF-1 to positively influence skeletal muscle and the metabolic profile during BR, regardless of an exercise intervention. These mechanisms will need to be investigated further.

We hypothesized that an unfavourable metabolic profile would be characterized by decreased adiponectin concentrations. Adiponectin is an anti-inflammatory protein secreted by adipocytes [@B37]. Adiponectin levels decrease as fat mass increases and higher levels of plasma adiponectin are independently associated with reduced risk of type 2 diabetes in healthy individuals [@B38]. No studies have investigated adiponectin levels after BR in healthy young individuals. In the current study adiponectin levels in the EAA group did not change significantly; however, the RT group showed a decrease in adiponectin levels which were not restored after 14 days of recovery. A recent publication looking at first degree relatives of patients with type 2 diabetes (T2D) compared to healthy controls found that both groups had decreased insulin sensitivity after 10 days of BR [@B39]. The control group showed increased adiponectin levels while the first degree relatives of T2D patients did not exhibit a decrease in adiponectin levels after 10 days of BR [@B39]. The authors postulate that dysfunction of adipocytes may lead to an increased inflammatory response and a reduced production of adiponectin [@B39]. The changes we observed in the RT group suggest that there may be metabolic dysfunction despite the exercise intervention.

Interestingly, in the present study circulating concentrations of triglycerides remained constant after BR with energy deficit, regardless of exercise. In contrast, HDL-cholesterol levels were reduced after BR in the setting of energy deficit in both groups. Mazzucco et al. reported that five weeks of BR resulted in decreased HDL-cholesterol levels and increased triglyceride levels [@B17]. Similarly, after 20 days of BR decreased HDL-cholesterol levels, increased triglyceride levels and no change in total cholesterol levels were reported [@B18]. In ambulatory individuals caloric restriction as well as caloric restriction plus exercise led to increases in HDL-cholesterol [@B40]. Improvements seen in HDL-cholesterol levels with caloric restriction and exercise are not maintained with disuse, while BR accompanied by energy deficit prevented the increase in circulating triglycerides [@B18]. These findings suggest that BR with energy deficit such as in the present study, prevent detrimental increases in triglyceride levels. While exercise alleviates some of the metabolic alterations seen with BR, it does not prevent the reduction in HDL-cholesterol levels. We did observe a decrease in total cholesterol levels. Interestingly, there was an increase in the HDL:total-cholesterol ratio after BR in both groups. The EAA group increased twice as much as the RT group. The ratio of HDL:total-cholesterol takes into consideration both variables and our results show that the decrease in HDL-cholesterol influences the ratio to a greater extent than the decrease in total-cholesterol. Both groups were above the recommended ratio of 5:1 and thus at greater risk of cardiovascular disease [@B41] and thus, demonstrating a less favourable metabolic status. During the 14 days of active recovery, both groups returned to baseline values, which for the EAA group still represented a high risk for cardiovascular disease.

Cytokines play a key role in inflammation and immune response [@B42] which lead to insulin resistance, depressed myofilament function, muscle atrophy and weakness [@B43]. Specifically, TNFα, IL-1β and IL-6 are involved in muscle degradation [@B43] which contributes to decreased muscle protein and loss of muscle mass and strength [@B44]. In first degree relatives of diabetic individuals, ten days of BR was associated with increased TNFα levels [@B39]. Similarly, in otherwise healthy individuals, 60 days of BR has been shown to increase TNFαR1, an indirect marker of TNFα signaling; however, a combined resistance-aerobic exercise program 3-4 times per week during 60 days BR was shown to prevent this increase [@B45]. Exercise has also been reported to reduce cytokine response after BR in critically ill hospitalized patients [@B46]. C-reactive protein (CRP) is a systemic marker of inflammation and tissue damage and is released from the liver and induced by IL-6 [@B47]. In our study, CRP decreased in both groups after BR. In a recent article Bosutti et al. [@B48] found increased CRP levels after BR in eucaloric state but no increase in CRP after BR in hypocaloric state. They postulate caloric restriction during BR prevents the inflammatory response [@B48]. Similar to our results, the cytokine findings suggest that energy deficit during BR may prevent or reduce an inflammatory response which would occur after BR in the eucaloric state. The finding that cytokine levels, particularly IL-6 which induces CRP, did not change after BR with energy deficit is of interest because of the complex interplay which the inflammatory response has with circulating lipids and intra-tissue lipid levels in health and disease states, and should be further investigated.

There were no changes in serum cortisol after BR; a stress hormone shown to increase during spaceflight or clinical BR and during trauma and illness [@B49]. Small increases in cortisol have been found on day 1 of BR but returned to baseline for the duration of 16 days of BR and 15 days of recovery in adults [@B50]. In contrast, five days of BR accompanied by an exercise intervention was associated with increased cortisol levels [@B51]. It is possible that the energy deficit experienced by our study participants mitigated any potential increases in cortisol with BR. Future studies should specifically address the impact of energy intake on this stress hormone, particularly noting the timing of biomarker changes with sample collection.

A strong correlation between skeletal muscle lipid content and insulin resistance has been shown [@B30]. Low density muscle represents lipid-rich skeletal muscle with high fat content within the muscle. We report a decrease in low density muscle in both groups after BR. Previous studies, including Manini et al. [@B52] report increases in intramuscular adipose after 4 weeks of unilateral lower limb suspension. We hypothesize that the complete lack of physical activity except for the resistance exercise intervention here with the BR model combined with the 8% energy deficit imposed on all participants in this study contribute to the discrepancy in these findings. Interestingly however, our results show that normal density muscle was reduced in the EAA group but maintained in the RT group, even in the face of energy deficit. This finding suggests that resistance exercise during BR may be sufficient to maintain normal muscle density, thus, contributing to a metabolically favourable profile.

Additional studies are needed to elucidate metabolic alterations after long periods of BR, particularly with energy deficit, such as that seen with spaceflight. The present study focused on the effect of BR combined with energy deficit and dietary and exercise interventions. By design it did not have a control group receiving adequate energy intake or a group undergoing exercise without nutritional intervention. The key finding for the present study that contributes to the already published body of literature on BR countermeasures in the setting of adequate energy intake, is that the combination of RT with EAA supplementation, independent of the timing in which the supplement is given, reduces but does not alleviate the deleterious metabolic alterations of disuse (e.g. BR). The findings from the present study are novel and warrant further investigation into exercise and energy deficit in the context of disuse.

In conclusion, our results show that 28 days of BR accompanied by energy deficit lead to an unfavourable metabolic profile. Further, these findings concur with previous short duration BR studies (\~14 days) where energy deficit during BR prevents an inflammatory response. Resistance exercise combined with EAA supplementation during BR may reduce the shift to an unfavourable metabolic profile but does not completely alleviate the metabolic derangements seen with disuse combined with an energy deficit.
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![**Influence of 28 days of bed rest and 14 days active recovery on plasma IGF-1, Adiponectin, HDL-cholesterol, total Cholesterol and Triglyceride levels.** Plasma levels of a) IGF-1, b) Total adiponectin, c) HDL-cholesterol, d) Total-cholesterol, e) Triglycerides, f) HDL:total-cholesterol ratio. Values are reported as mean ± SEM except median ± IQR (Total adiponectin, log transformed values). Participants were randomized into amino acid supplement (EAA) group or resistance training with amino acid supplement (RT) group. Open bars: baseline values; grey bars: values after 28 days of BR; filled bars: values after 14 days of active recovery. Repeated measures analyses using General Linear Models (GLM) were carried out to assess the interaction between time \[baseline (or pre-bed rest), end of bedrest, and recovery\] and group \[amino acids vs amino acids plus exercise\] on each of the dependent variable studied. \* p \< 0.01 for time effect, \*\* p \< 0.05 for time-by-group interaction.](ijmsv11p1248g001){#F1}

![**Cytokine, cortisol and C-reactive protein levels after 28 days of bed rest and 14 days active recovery.**Plasma levels of a) TNF-α, b) IL-1β, c) IL-6, d) Cortisol, e) CRP are reported as mean ± SEM or median ± IQR (for log transformed variables). Participants were randomized into amino acid supplement (EAA) group or resistance training with amino acid supplement (RT) group. Open bars: baseline values; grey bars: values after 28 days of BR; filled bars: values after 14 days of active recovery. Repeated measures analyses using General Linear Models (GLM) were carried out to assess the interaction between time \[baseline (or pre-bed rest), end of bedrest, and recovery\] and group \[amino acids vs amino acids plus exercise\] on each of the dependent variable studied.](ijmsv11p1248g002){#F2}

![**Low density, normal density muscle and subfacial fat in skeletal muscle after 28 days bed rest and 14 days active recovery.** a) Low density muscle, b) Normal density muscle, c) Subfacial fat, d) Leg lean mass. Values are mean ± SEM. Participants were randomized into amino acid supplement (EAA) group or resistance training with amino acid supplement (RT) group. Open bars: baseline values; grey bars: values after 28 days of BR; filled bars: values after 14 days of active recovery. Repeated measures analyses using General Linear Models (GLM) were carried out to assess the interaction between time \[baseline (or pre-bed rest), end of bedrest, and recovery\] and group \[amino acids vs amino acids plus exercise\] on each of the dependent variable studied. \*p \< 0.001 for time effect, \*\* p \< 0.001 for time-by-group interaction.](ijmsv11p1248g003){#F3}

###### 

Baseline Subject Characteristics

  Characteristic                EAA (n=7)     RT (n=24)     P value
  ----------------------------- ------------- ------------- ---------
  Age (y)                       44 ± 3        43 ± 1        0.80
  Body weight (kg)              80.4 ± 2.8    83.1 ± 1.7    0.74
  Height (cm)                   178 ± 3       180 ± 1       0.64
  Body mass index (kg/m^2^)     25.6 ± 1.3    25.9 ± 0.5    0.73
  Energy intake (kcal/kg/day)   31.0 ± 1.0    30.0 ± 0.4    0.57
  Protein intake (g/kg/d)       1.16 ± 0.04   1.12 ± 0.01   0.86

Data are mean ± SEM. EAA: essential amino acid supplementation alone, RT: resistance exercise training with AA supplement provided 3 hours post exercise or 5 minutes prior to exercise. P values represent independent t-test analysis (13).
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